This report deals with the relationship of various lipid fractions in the heart and in the liver, and the urinary excretion of ketone bodies, to sex and body weight in normal nonfasted albino rats. Results indicate the existence of differences in concentrations of fatty acid, neutral fat, and phospholipid in the liver of male rats as body weight increases. Phospholipid concentration of the liver and heart of the male and the heart of the female declines significantly with age.
T HE metabolism of lipids in relation to age, sex and atherosclerosis has attracted much investigation. In the human, as well as in the laboratory animal, studies have been confined chiefly to the separation of lipids and lipoproteins found in the sera. This report deals with the relationship of various lipid fractions found in the heart and in the liver, as well as of the urinary excretion of ketone bodies, to sex and body weight in the normal nonfasted albino rat.
The fact that the female differs from the male in the excretion of, and in the handling of, endogenous as welt as exogenous ketone bodies has been clearly demonstrated.
1 ' 2 If the concentration of lipid substances in the organs can serve as an index of one phase of fat metabolism, the results to be presented indicate the existence of real sex and age differences in fat metabolism in the albino rat. The concentration of "residual'' fatty acids, representing primarily neutral fat and cholesterol esters, increased, while the phospholipid concentration decreased in the liver of the older adult male. This relationship between "residual" fatty acid and phospholipid and age was not apparent in the liver of the female or the young male. The concentration of phospholipids in the heart of adults of both sexes decreased significantly with advancing age.
METHODS
Nonfasted Spraguc-Dawley albino rats of both sexes, weighing 40 to 025 Gin., were used. Body
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weight served as a rough index of age. Male animals were divided into two groups so that the younger males would be comparable in body weight to the female population. Only virgin female rats were used. All animals were housed in a constant temperature room at SO F. and only healthy animals were studied. Stock commercial laboratory chow and water were allowed ad libitum until the time of sacrifice. Lipid fractions in the heart and liver were determined in 13 males of 40 to 3S5 Gin. of body weight which are designated group 1; 5 males weighing 400 to 625 Gm. compose group 2; and 9 females weighing 40 to 290 Gm. compose group 3.
The rats were sacrificed in the morning after being stunned by a sharp blow on the head. The heart and liver were quickly removed and immediately frozen. A portion of the liver and the entire heart were separately homogenized in the cold in a ten Brock homogenizer and aqueous homogenates contained approximately 20 per cent of tissue. Aliquots of the aqueous homogenates of the liver and heart were taken for determination of alcohol-etherextractable lipid phosphorus by the Fiske and Subbarow method, 3 and phospholipid values were calculated as lecithin on the basis of the lipid phosphorus analyses. The remainders of the homogenates were deproteinized with barium hydroxide and zinc sulfate, and aliquots of the filtrate of the liver and heart were used for the determination of total ketone bodies after a modification of the Green berg-Lester procedure. 11 The total ketone bodies in the tissue nitrates and the urine are expressed in terms of milligrams of acetone.
Total fatty acids were determined by the method of Stewart and Hendry 5 on a hot 3:1 ethanoldiethyl ether extract of the liver. The concentration of fatty acids of the phospholipid was calculated from the concentration of phospholipid in the liver and this quantity was subtracted from the total fatty acids of the liver. The amount remaining was termed "residual" fatty acids and was composed of the fatty acids of neutral fat and cholesterol esters.
In the study of excretion of total ketone bodies and acetone, two groups of male animals and one was employed for the collection of 24-hour urine specimens over a period of three to four consecutive days. Total ketone bodies and acetone were determined on these specimens, which were preserved with thymol and refrigerated until analyzed. All animals had free access to food and water during the collections.
Concentrations of total ketone bodies and acetone in the urine were calculated on the basis of 24-hour excretion, and tissue values are expressed in terms of 100 grams of fresh tissue.
RESULTS

Lipid Fractions in Liver and
Heart. Concentrations of phospholipid, total and "residual" fatty acids in the liver and of phospholipid in the heart of the albino rat are given in table 1. No significant difference was found between the mean values for phospholipid, total or "residual" fatty acids of the liver in the two groups of male rats nor between liver phospholipid values in the female (group 3) and male (group 1). However, the females of group 3 had a significantly higher concentration of fatty acids in the liver when compared with the entire male population (group 1 plus 2) (p 0.05).* With this greater concentration of liver total fatty acids in the female than in the male, and with the liver phospholipid values for the two sexes not significantly dif-* The probability (p) of a chance occurrence of the difference from the control was taken from Fisher's table of t (Fisher, R. A.: Statistical Methods for Research Workers, ed. 11. London, Oliver and Boyd, 1950.) ferent, the concentration of "residual" fatty acids in the liver of the female was calculated to be more than three times the concentration in the liver of the male. This significantly larger amount of liver "residual" fatty acids would suggest that the female rat has a higher concentration of neutral fat in the liver than the male.
The younger male rat of group 1 had a significantly greater concentration of phospholipid in the heart than the older animal of group 2, but there was no significant difference in heart phospholipid concentration between the sexes of comparable age (groups . 1 and 3).
When these data on liver and heart lipid fractions were analyzed with respect to the body weight of the animal by use of coefficients of correlation and regression, it was observed that the concentration of liver phospholipid in the male population (r = -0.42, p < 0.001), the concentration of heart phospholipid in the older male (r = -0.72, p < 0.02) and in the female (r = -0.59, p < 0.02), and the concentration of liver total fatty acids in the younger male (r = -0.76, p < 0.05) decreased significantly with an increase in body weight.
Ketone Bodies of Urine, Heart and Liver. In table 2, results of the study of urinary excretion of ketone bodies and their concentration in the heart and liver in male and female albino rats indicate that the female rat and the older male have a greater concentration of total ketone bodies in the urine and in the liver than the younger male, and that the female rat has a greater concentration of ketone N. L. NOBLE, R. J. BOUCEK AND G. T. LEWIS bodies in the heart than the male. The urinary excretion of ketone bodies appears to reflect the concentration of liver ketone bodies in these groups of animals. Linear regression lines demonstrated a significant positive correlation between the excretion of ketone bodies and body weight in the entire male (r = +0.66, p < 0.001) and female (r = -4-0.61, p < 0.001) populations. Significant positive correlation was also found between the concentration of liver ketone bodies and body weight in the entire male population (r = +0.54, p < 0.02) and in the older male group (r = +0.64, p < 0.05).
DISCUSSION
The data presented, as well as the results of others, indicate an inherent difficulty on the part of the female in the utilization of lipids. Because of the observed high concentration of neutral fat in the liver of female rats, and the larger quantity of ketone bodies in their urine, it seems that the oxidation of fatty acids proceeds at a slower rate and is not as complete in female as in male rats. The reason for this is not apparent from these studies.
Since the male rats represented a far wider age range than the females, variations in tissue lipids with age could be more readily observed. The decrease in phospholipid concentration and the constant concentration of fatty acids in the liver would appear to indicate an increasing neutral fat concentration in the liver of the male rat with age. The studies of Becker and his associates 7 show a definite alteration in the capacity of the aged human to handle fat. The feeding of a high-fat meal resulted in a markedly greater number of serum ehylomicrons and a more prolonged chylomicronemia in the aged than in the .young human subject.
The observed decrease with age in the liver and heart phospholipid concentrations in the male rat, and in heart phospholipid in the female, further substantiates the report of Sinclair 8 that the total body content of phospholipid in the white rat decreases during the first three postnatal months to about one-half the value found at birth. In the calculation of his data, Sinclair considered the decrease in water content of animal tissues as the animale ages. 9 Our results are presented on the fresh weight basis; the decreases observed in tissue phospholipid concentration would be of greater magnitude if calculated on dry weight basis.
The exact role of phospholipids in the metabolism of lipids is not clearly defined, although there is some evidence that the turnover, or amount of phospholipids, or both, are increased or decreased in a given tissue when fatty acid metabolism is increased or decreased. Phospholipids are increased temporal--ily ill the liver of the dog fed large amounts of fat, 10 and phospholipid turnover is increased in liver, small intestine, blood plasma, and to a small extent in the kidney of diabetic dogs, in which there is an extensive catabolism of fat.
11 Our findings tend to support the concept that the amount of phospholipids in an -organ is related to fat catabolism.
SUMMARY
Differences in the urinary excretion of total ketone bodies and in certain tissue lipid fractions indicate that nonfasted male and female albino rats handle lipids in a different manner.
Changes in the metabolism of fat appear to occur in the aging albino rat, particularly in the male. In the older animals, neutral fat tends to accummulate in the liver and ketone bodies increase in liver and urine.
